SSME . :ZAICIL

REDUNDANCY SCREEN
Component Group: Ox|dizer Turbopumns Praparad; C. Aheramia
CIL ltam: Bag0-03 Approved: T.Nouyen
Compenent Lew Preanure Oxddizes Turbopump Approval Date: [ b I
Part Humhber: RS007801 Changs £: z
Fallura Mada: Placa parl structucal f2llura. Clreclive #: CCBD MEI-11-5214
Page: 1ef1
' Criticaliy
Phasza Falura ! Effmc] Dezcrlption Hazard Relarencs
SMG Fire from LOX impact of rebbing. Loss al vehlch. 1
a1 MEGC2SAMC

Redundancy Sereeng: SINGLE POINT FAILLURE: KA

6l9-8




0Z9-4

SSME FMEAI/CIL

DESIGN
Component Group:  Oxidizer Tuthopumps Proparad; C. Abasamnis
CE ltem: BEOO-08 Approvod: T. Nguyan
Com ponent: Low Prezzure Cldlzer Turbopump Approval Data: BB
Part Humber: R3DO7RO1 Changs #; 2
Failure Moda: Place part atractural fakane. Diractve #: CCHD ME3-a1-524

Papga; 1ot 4

i Daelgn ¢ Bieeumenl Reference

FAILURE GAUSE:  A: (ntarnal structural fallura of: Hougl .
111 HOUSING

THE HOUSING 15 CAST WITH TENS-50 ALUMINURL, WHICH WAS SELECTED FOR ITS MECHANICAL PROPERTIES AT RODM ANG CRYOGENIC TEMPERATURES, AND RESISTANGE TO
CORROSION AND STRESS CORROSION CRACKING (2). THE ALLOY |5 SOLUTION TREATED AND AGE-HARDEWED (1). THE CASTING IS SUBJECTED TO THE HOT ISOSTATIC PAESEING
PROGESS FOR IMPROVED MECHANICAL PROPERTIES AND DENSIFICATION {1). THE PROCESS REDUCES CASTING POROSITY (3). FOR IMPROVED CORROSIDN RESISTANCE, THE
ENTIRE HOUSING IS CHROMIC ACID AMODIZED (1). THERE ARE HOWELDS ON THE HOUSING (1) THE HOUSING IS FIT YUITH A SLEEVE IN THE INLET TUNNEL [SEE K-MONEL)
STRUCTURAL INTEGRITY WAS DEMONSTRATED BY ONE HOUSING, WHICH WaS SUBJEGTED T0 240 CRYOGENIC PROCF GYGLES WITH NO STRUCTURAL FAILURES (4) THE
HOUSING MAS COMPLETED DEEIGH VERIFICATION TESTING FOR PROOF PRESSURE-STRESS DISTRIBUTION {5) AND PRESSURE BURST TEST (6],

' RSOOTEO2, (2) R3B-6575-8; (3} RLODATEZ; {4) BEME 53-102%; (5] RS5-401.30; {E) RES-A01-24
FAILURE CALSE: B: Inlernal structural fallure of: Vanhe,
(1) WANE

THE VANE i3 CAST UTILIZING A-358 ALUMIHLIM. WHICH WAS SELECTED FOR TS MECHANICAL PROPERTIES AT ROOM AND CRYQGENIS TEMPERATURES, AND RESISTANGE TQ
CORAQSICN AMD 5STRESS CORROSION GRAGKING [2]. THE ALLOY |S SOLUTION TREATED AND AGE-HARDENED (1) FOR IMFROVED COREDSION RESISTANCE, THE VANE IS
CHROMIC ACID ANCDLIZED (1}

(1) RS0OTE1Y; (2) RES-B57EY
FAILURE CAUSE: C: Imemal sbructural Illure of: Hausing Slasve, Rotar, Statar, Inducer, Spasd Nui,

(1) HOUSENG SLEEVE
{2} ROTOR

A STATOR

1] INDUCER

(5) SPEED MUT

THE PARTS LISTEP AROYE ARE MANUFACTURED LITILRZING H-MONEL, WHICH WaAS SELECTED FORITE RESISTANCE T CORROSION, REQUIRED TENSILE STRENGTH, DUCTILITY
AMO TOUGHNESS AT CRYOGENIC TEMPERATURES (8] THE SLEEVE (1} 1S MACHINED FROM AN ANMEALED FORGING, AMD I3 FETAINED BY THE HOUSING BY THE INTERFERENCE
FIT AT CRYODGENIC TEMPERATURES, THE ROTOR, STATOR, INDUCER AND SPEED MUT ARE SCLUTION TREATED AND AGE-HARDENED. THE ROTOR LITILIZES SILVER PLATING AT
THE STATOR LAHDE FOR IGMITION RESISTANCE AND THERMAL CONDUCTIVITY (2], THE BEARING JOURMALS ARE CHADME PLATED FOR HARDNESS AND DRY-FILM LUBRICATED T
MINIMIZE FRETTING AND FRICTION {2). THE BLADE LANOS ON THE STATORS ARE SILVER PLATED FOR [GNITION RESISTANTE AND THERMAL COMDUCTIATY (31, 5ILVER FLATING 1S
APPLIED T THE THREADS QF THE SPEED NUIT FOR LUBRICITY AND EQUAL PRELOAD DISTRIBUTICON (5). FRESSURE-STRESS DISTRIBUTION (1) AND PRESSURE BURST TEST 183,
THE STATOR (9] AMC INDUCER {10} HAVE COMPLETED DESHGH VERIFICATION TESTING FOR VANE/BLADE NATLIRAL FREQUENGY. THE STATOR YANES ARE HIGH CVCLE FATIGUE
LIFE LIMITED BY MAJOR WAIVER {11]. ROTOR ASSEMBLIES MANLFACTURED BY CONTURA WHICH MAY CONTAIN WORSE CASE (ZERC RADIUS) DISCREPANCIES ARE LIFE LIMITED
PER MALOR WAIVER (123

{1) RSOD7EDZ; {2) AS00TA05; (3) RSDO7B8; (4) RSO07B1Z; (5) RSO0742Y; (6] RSS-ASTE-; {7) RE5-401-30; (6) RSS401.-24; [9) H55-401.6; (10} RES-404-1: {1 1] DAR 2545; (12] DAR 2160
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Componer s Otdlzar Turbopumps Preparmd: L. Abasal

CIL larm; BE00-08 Appravad; T. Nguyet.

Companant: Low Pragaus Dxidizer Turbopurmp Approval Date: BTAA

Part Numbar: RS00TR0 . Changns #: 2

Failure Mods: Plece part structural faliure, Diractive #: CCED MEX1-5214
Pagm: 2ol 4

Beslgn  Documanl Refaranca

FAILURE CAUSE: D:Infemal atrrctural fallure of Mozzle, Bearng Suppart, Baching Ring, Preload Spring, Deflector.

(1) NOZZLE
{2) BEARING SUPPORT . ,
(3} BACKING RING

[4} PRELOAD EPRING

{8) DEFLECTOR

THE PARTS LISTED ABOVE ARE MANUFACTURED UTILIZING INCONEL 718, WHICH WAS SELECTED FOR ITS STREMGTH AND DUSTILITY, RESISTANGE TO CORROS KN AND STRESS
CORROSION CRACKING, AMDWELDABILITY (5. THE PARTS ARE SOLUTION TREATED AND AGE-HARDENED WHILE THE SERING 1S COLDAWORKED PRIOR TO ABING. THE NCZALE 15
LIFE LIMITED BY MAJOR WAIVER (8). THE BEARING BORE QIF THE SUPPORT IS CHROME PLATED FOR HARONESS AND DRY-FILM LUBRICATED TO MINIMIZE FRETTING AHD FRICTION
(2]. THE BACKING RING, PRELOAD SPRING, ARE ASSESSEDR TO HAVE INFINITE LIFE (T) AND ARE NOT TRACKED BY SERIALIZATION.

(1) REODPETD; 42) ROFISTY; (3) READTAZD, (4} REOOTEZD; (5) ROIIST; (6] RS5-B578-9, (7} ALODSIZ, CP32DRO0GIE; (2] TAR 2958
FAILURE CAUSE: E: Intarnal structurasl fzlure of: Yane Bolt Lack.
(1] wANE BOLT LOGK

THE LOCK 15 MANUFACTURED UTILIZING 301 CRES, WHICH WAS SELECTED FOR TS DUCTILITY, TENSILE STRENGTH, AhD RESISTANCE TO CORRQSION AND STRESS CORROSION
CRACHING (2}, THE LOCK 13 ASEESSED TQ HAVE INFINITE LIFE {3} AND IS NOT TRACKED BY SERIAZATION.

1) RHOTE5; (2 RE5-8576- (3} RLU0S3Z, CPIZDROCIEA
FAILURE CAUSE: F.lInternal structural Faliure of: Stalor Hut Lock, Spasd Nut Lock, inner Fara Mot Eazk, Inducsr Nut Lock,

{1} BTATOR NUT LOGK
{2) SPEED NUTLGCK

{3) INNER RACE NUT LOCK
{4) INDUGER NUT LOCK

THE FARTS LISTEQ ABOVE ARE MAMUFACTURED UTILIZING 302 CRES, WHICH WAS SELECTED FOR TS QUCTIUTY, REQUIRED STRENGTH GVER THE OPERATING TEMPERATURE
RANGE, MATERIAL AVAILABILITY, AND RESISTANCE TO CORROIEION AND STRESS CORROSION CRACKING (51, THE ALLODY IS ANNEALED FOR THIS BENDING APPLICATION. THE
LOCHE ARE AREESSED TO HAVE IMFIMITE LIFE {8) AND ARE HOT TRACKED &Y SER|IALIZATION,

{17 RE00TE1S,; (2) RSO0V E24, (3) RS007A28; (4) ASA0TAMY, {5} RES-A570-9; (6) RLO0S 32, CPI20RMOAS

FAILURE CAUSE: @: Internal structural fadlure of Spacer.

1} SPACER .

THE SPACER 15 MANUFACTURED UTILIZING 247 CRES, WHICH WAS SELECTED FOR IS FA BRICABILITY, CRYQGEMC STRENGTH, 8NC RESISTANGE TO CORROSKN AND STRESS

SOAROSION CRAGKING (2). THE ALLOY 13 ANNEALED (1}, THE BEARING JOURNAL IS CHROME PLATED FOR HARDHESZS AMD DRY-FILM LUBRICATED TO MINMEEE FRETTING AND
FRICTION (1). THE SPACER IS ASSESSED TO HAVE IWFINITE LIFE ¢ AND 1S HOT TRACKED BY SERIALIZATION,

(1) RSUDTH21, (2) RES-B575-3; (3) RLODGIZ, CPI20R0003E
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Gomponent Group; Oxidlzer Turhopumpa Prepared; C. Abesamily

CIL Nem: Beng-be
A !
Compeonent Low Preszura Ouidizer Turbopump Aggz::fum ;TTEH;WH
Part Humber: R5007BD1 iy Change #: ’ z :
Fallura Mada: Picca part structural fallure. Mrecthve # CCHD ME2-D1-5214
Page dof 4

Deelgn / Documeant Refsrance

FAILURE CALUSE: H: Internal structarat fallurs of: Support Boll Lockweshar.
{1} SUPPQRT BOLT LOCKWASHER

THE LOCK 15 MANUFACTURED UTIE_III NG 321 GRES, WHICH \WAS SELECTED FOR ITS FAEHIEAHILIT‘E, CRYOGEMH, STRENGTM, AND RESISTANCE TO GORRDSION AND BTRE
gg:lﬁait?rh:oﬂmﬂﬁﬂlﬂ NG [2]. THE ALLOY k3 ANNEALED FOR THIS BEMDING APPLICATION (1). THE LOCKWASHER IS ASSESSED TO HAVE INFINITE LIFE (3 AND IS NCITTF'..H..GH‘?EE BY

{1} MSOBAD; {2} RES-8573-2 (3] RLDOS32, CRIIOROMOAD
FAILURE CAUAE: | |ntemal simuclurel falkura of: Pump Exd Besrlng, Turkine End Bearimg.

{1} PLIMP ENO BEARING
{3] TURBIMNE EHND BEARING

THE TURBINE END BEARING BALLS AND BOTH THE PUN® END AND TURBINE END BEARING RAGES ARE MANUFAGTURED UTILIZING 440 CRES, WHICH WAS SELECTED FOR (15
HARDNESS AND WEAR RESISTANCE CHARACTERISTICS (3). THE ALLOY IS SINGLE VACUUM MELTED TO HELF FREVENT IMPURITY FORMATION. THE ALLOY 15 HARGENEL
TEMPFERED, ANO COLD STABILIZED. THE PUMP END BEARING AA6LLS (5) ARE MADE OF SINTERED AND HOT ISOSTATICALLY PRESSED SILICON NITRIDE BALL BLANES WI—I]CII-I WS
SELECTED FOR ITS SUPERKNR, HaROWNESS AND REDUCEC FRICTICN. THERE HAS BEEM MO CEMONSTRATER BALL WEAR ON THE BLOCK A DESIGH [8), THE PUME END BEARING
CAGE POCKETS ARE ELONGATED TO ACCOMMODATE BALL EXCURSION (5) AMD THE CAGE SURFACES ARE COATED WITH MOLYBDEMUM DISULFIDE FILLED FLUDRINATED
ETHYLENE PROFYLENE (FEP} (7). THIS MATERIAL ACTS AS A SOLID LUBRICANT AT THE CAGE OUTER DIAMETER TC RING INTERFACE AND TRAMSFERS FRIOM THE CAGE POCKETS
TO BALL SURFACES TO REDUCE FRICTION. THE BALLS ARE PCSITIONED BY A GLASS FABRICITFE RESIN CAGE. THE MATERIAL 15 MANDREL YWRAPPED TO TUBE FORM. FROM
WHICH THE CAGES ARE FABRICATED ANMD SAMPLES BATCH TESTED FOR LOX COMPATIRILITY (3). THE MATERIAL WAS SELECTED FDR ITS HIGH LUBRICITY WEAR, HESISIT:"&NCE
AMD REQUIRED MECHAMICAL PROFERTIES (3. CONTMUED USE YWITH ALLGWABLE DISCREPANCIES RESULTING FROM CFERATION |5 EYALLUATED AND COIIQTRDLI_ED FER THE '
RECUIREMENTS OF THE MAINTENANMCE CONTROL DOCUMENT (41,

(1) RBGETE34; (2) REO07867; (3) RESA574.9; {4) RSS-BTY; (SIROSSU36: (5] ROSS04Y; (7) RAIEGE-011 (B) VRS D555

FAILLIRE CAUSE:  J: Intarnal sirociural faliure of. Slator Nut, Innat Raca Mut, Indtser Nut, Suppod Bolt, Vene Boll, Yane Boit Washer.
(1) STATCR MUT

(2 INMER RACE NUT

(3 INDUCER NUT

[4) BUFPCRT BOLT

{5} VANE BOLT

[B) VANE BOLT WASHER

THE PARTS LISTED ABOVE ARE WAKUFACTURED UTIEIZING A-288 CRES, WHICH WAS SELECTED FOR ITS STRENGTH. TOUGHKNESE AND BUCSTILITY AT CRYOGEMIC TEMFERATURES,
AND RESISTANGE TQ CORROSION AND STRESS CORRCSION CRACKING (7). THE ALLOY IS SOLUTION TREATED AND AGE HARDENED. THE SURFORT BOLTE ARE COLD WORKED
PRIOR TD AND AFTER AGING TO ACHIEVE ADDITIONAL STRENGTH (5. DRY-FILM LUBRICATION IS UTILIZED FOR THE NUTS AND BOLTS TO RELIEVE FRICTION, MINIMIZE FRETTING,
gﬁ %E#I_m%gﬂﬂ FRELOAD DISTRIBUTION TOD THEI THREADED SURFACES, THE NUTS AND SUPPORT BOLT ARE ASSESSED TO HAVE INFINITE LIFE {8) AND ARE HOT TRACKED

(1)RSQ0TE1S; (2] REOOTE2T: (3) R300TA2S; (d) RS00TEI; (45) RO1 11-1012-334: (5) RO &53-5002-1003; {TYRSS5-B5TRH; (A) RLOOS32, CP220RMOAE
FAILURE CAUSE: IK:Inlamal airvehiral fallure of: Tarbine End Beating Shim.
i1} TURBINE END BEARIHG SHIM

THE IHIM I3 MANUFACTURED UTILIZING NICKEL 200, WHICH \Wia S SELECTED FOR ITS REQUIFED STRENGTH, CRYOGENIC DUCTILTY, AND EASE OF FARRKABILITY (2). THE ALLOY
IS AMMEALED, THE SHIM 15 ASSESEED TO HAVE INFINITE LIFE (3] AMD 15 NOT TRACKED BY SERIALIZATION.

{1} RE0ATE o *) RS5-8573-8; (3} RLOOSAZ, SP320RO00ZE P -
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Compant up: Oxldfzer Turbopumps Prepared: C. Abesa

CiL Hem: Bad-08 Approved: T. Nguyen

Cemponent: Law Fremaurs Oxldizer Turbopump Approval Date:  5/Ti99

Part Numhesr: R3007e01 ' Chemige #: 2

Fallura Moda: Plecs part siruciural failors, - Mrecthve #: CCBD MEJ-D-£21a
Pegs: 4of 4

Daslan § Document Rafahan e

FAILURE CAUSE: L!Imtemal alrachural fallure of: Labyrinth Seal Ring.
11} LABYRINTH SEAL RING

THE SEAL | MAHUFACTURED UTILIZING SHAVER, WHICH YWAS SELECTED FOR ITS HIGH IGNITION TEMPERATURE, THERMAL CONUULTIVITY, FRICTIONAL WEAR RESISTANCE, ANTI-
BALLING CHRARACTERISTICS, AND THE RECGUIRED STREMGTH (2). THE ALLOY 15 SOLUTION TREATED AND AGE-HARDENED [1).

{1} RSODTHMG; 12} RES-BE70-45

FAILURE CAUEE: ALL CAUEES

TEMS-50 ALURINIM, A-266-TE ALUMINURA, K-MONEL, INCONEL 718, INCOLOY 503, 301 CRES, 302 GRES, 347 CRES, 321 CRES, 4400 CRES, TEFLON, A-288 CRES, MICKEL 200, SILVER,
ARD DRY-FILM LUBRICATION SATISFY LOX COMRATIBILITY RECUIREMENTS [1). THE PARTS REFERENCED MEET CE| REQUIREMENTS FOR HIGH CYCLE AMD LOWY CYCLE FATIGUE
LIFE (2. THE MIMIMUM FACTORS DF SAFETY FOR THE REFERENGCED PARTS MEET CE| REQUIREMENTS (2). THE LPOTP HARDWARE PARENT MATERIALS WERE GLEARED FOR
FRACTURE MECHANICERMDE FLANW BROWTH SINCE THEY ARE NOT FRACTURE CRITICAL PARTS, EXCERPT FOR THE BEARING SURPORT WHICH WAS CLEARED BY CRITICAL INITIAL
FLAYY S1ZE DETECTABILITY AND THE HOUSING ASSEMBELY WHICH WAS CLEARED BY RIS ASSESSMENT (4). THE FMEAIGIL WELDS ARE CLEARED FOR FRACTURE MECHAMCSMOE
FLAYW GROWTH BY THE WELD ASSESSMENT (5). TABLE BRI LISTE ALL FMEACIL WELDS AHD IDENTIFIES THOSE WELDS 1N WHICH THE CRITICAL INITIAL FLAYW SIZE IS NOT
BETECTABLE AND THOSE WELDS I WHICH THE RODT SI0E IS NOT ACCESSIBLE FOR FNSPECTION. THOSE WELDS IN WHICH THE CRITICAL IMITIAL FLAW EI7E £ HOT DETECTARLE
ARE ACCEPTABLE FOR FLIGHT BY RISK ASSESSMENT (5). REUSE OF PARTS DURING OVERHALUL ARE CONTROLLED BY THE REQUIREMENTS OF THE OVERHALL SPEGIFICATION {6).

11] RSS-8574.9; (2) RLO0S32, CP32DRI0DAE; (3) RS5-8546-16, CPIZ0RMIME; (4) NASA TASK 117; (5) RSS5-B756; {5) RLO1213
FAILURE CAUSE:  M: Imtamal slructursf fallure of: Fump End Bearing shim, and spring.

{1 PUMP EMD BEARING SHI

{2 SPRING

THE SHFA AND SPRING ARE MANUFACTURED UTILIZING INCOLOY 903, wHICH WAS SELECTED FOR ITS CRYDGENIC MECHANICAL PROPERTIES, THERMAL EXPLNSIOH
COEFFICIENT, THERMAL CONDUCTINTY, ELASTIC MODULUS, AND STRESE CORRGEION CRACKING RESISTANCE {31 THE FART IS SCOLUTION HEAT TREATED AW D AGE-HARDENED.

(1) RO3257E; (2) RCaA57a: (3) RESA578-11



SSME FMEA/CIL
INSPECTION AND TEST

Componmnt Croup:  Cxldlzar Turbepumps Praparec; £. Atesamls
CiL tem: BEOG-DB Approvpd: T. Ngwyan
Companent: Low Preaaure Oxidlzar Turbopurmp Approvat Date:  BiF/S9
Part Mumber: RSOOTEOD1 Change ¥: 2
Fallure Modea: Fiece part sbructural fal ure., Directive & CCEO ME3-01-5214
Frasgi; 1of 8
Fadura Calrsas Signifieanl Charscheriatica Inspectian(s) | Teshs) Dacument Raderenca
A HOUS NG RE005802
MATERLLL MTEGRITY MATERIAL INTEGRITY IS VERIFIED PER SPECIFICATION RECWIIREMEMTS, [EBO 7 o050
HOWUSING 15 PRCOF FRESSURE TESTED FER DRAWING REQUNREMEMTS. RE007E02
HOUSING IS PENETRANT IMSPECTED PER SPECHICATION REQUIREMENTS, RAB115-116
HOUSING 15 fRADNERAFHIC IHSFECTED PER SPECIFICATION RELUREMENTS. RL10203
HOUSING HOT ISO5TATIC PRESS IS VERIFIED PER DRAWING AND SPECIFICATICN REQUIRENMENTS. RS00Ta02
RLOO3T2
HEAT TREAT HEAT TREAT IS VERIFIED PER SPECIFICATION REQUIREMEMTS. RANGT1-020
SLRFACE FIMISH HOUSING ANODIZING 13 YERIFIED PER DRAVING AND SPECIFICATION REQUIREMENTS. RE007en2
: FA1G510-003
ASSEMBLY INTEGRITY HOUSING IZ INSPECTED PRIOR TO AND AFTER PROOF TESTIMG PER DRAVIIMG AMD RE&0J7002
m . SFECFICATION REQUIREMENT 3. RLOO314
f.':l') CASTING SURFACE FIMISH iE IMSPECTED PER DRAWI MG AMD SPECIFICATION RECHHREMENTS. RSCO07302
[h] . AAM 15007
. CASTING CORNERS AND FILLET RACH ARE INSPECTED PER DRAYWNG RECQLIREMENTS. REOCTEZ
HOUSING VANE SURFACES ARE INSPECTED PER DRAWING REQUIREMENTS,
HOUSING WALl THICKMEES |5 INSPECTED PER DRAWIMG REQUIFEMENTS.
'E__— o YAMNE B RS-IJ_E'?;1 o
MATERLBL INTEGRITY MATERIAL INTEGRITY 12 VERIFIED FER DRAWVING REQUIREMENTS.
WBME |3 PENETRANT HSFPECTED PER SPECIFICATION REQUIREMENTS. RAD15-11B
VANE IS RADKDGRAPH|LC INSPECTED PER SF'ECIFIG&TBDNFEGUIREMENTS. RL1OCOS
HEAT TREAT HEAT TREAT |$ ¥ERIFIED FER DRAWING REQUIRERENTS. REMTE11
SURFACE FIMISH YAME ANMODHZIMG |5 VERIFIED FER SPECIFICATION REQUIREMEMNTS. R 1605003
AESEMBLY INTEGRITY YAME AIRFOIL CONTOUR 15 IMSFEGTED PER SPECIFICATION REQUIREMENTS. RLOC4S ]
c B AOTOR ASSENBLY ' " RS007E05
MATERIAL INTEGRITY MATERIAL INMTEGRITY IS VERIFIED FER SFECIFICATION REQUIREMENTS. RE0170-057
ROTOR IS5 PENETRANT INSFECTEDR PER SPECIFICATICH REQUIREMENTS. RAG115-116
ROTOR 15 ULTRASONIC INSPECTED AFTER WELDING PER SPECIFICATION REQUIREMENTS RAD115-012
HEAT TREAT HEAT TREAT |15 VERIFIED PER SPECIFICATION REQUIREMEMNTS. RAJET]-020
— - i




Compane mp:
GIL Item:
Gompanant:

Part Number:
Fallure Mucda:

Txldlzer Turbppumps
B EOC-0A

Low Pressure Dxldizer Turbopump

RS Da7 et

Plece part struciural fallure.

Prepared:
Approved:
Approvel Dale:
Changa #
CHracthve §;

Frge:

. Abezar

T. Hauym

LI b

2
CCBDME?-p1-5214

2of A

cZg-4

Failure Causag

Signifcanl Charactensica

nspaction(=) f Tacl{x]

Doeumernt Bakere noe

ALLWELDSG ARE INSPECTED TO DRAWING AND SPECIFICATION REQUIREWMENTS PER WELD CLASS.

C WELD INTEGRITY RLIDO11
INSPECTIONS INCLUDE: VISUAL, DIMENSIONAL, PENETRANT, RAGIDGRAPHIC, INTRASONIC, AND  RATR07-071
FILLER MATERIAL, AS AFPLICABLE. RO 15115
' RADH15-605
AATTIE 00
RADT5-127
SURFACE FINISH SILVER AND CHROME PLATING ARE VERIFIED PER DRAWNG AND SPECIFICATION REQUIRENENTS. RSD0TEDS
RA TGOS0 11
RATE0E D02
ROTDR DRY-FILM LUBRICATION |8 YERIFIED PER SPECIFICATION REQUIREIMENTS, RAQT12-000
STATOR ASSEMBLY ASQ07EOR
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED PER SPEGIFICATION REQUIREMENTS. RBO170-051
STATOR IS PENETRANT INSPECTE D PER SPECIFICATION REQUIREMENTS. RACT15-118
HEAT TREAT HEAT TREAT |5 VERIFIED PER SPECIFICATION REOUIREMENTS. RAGEN1-02C
SURFACE FINISH SILVER PLATING I3 VERIFIED PER. DRAYWING AND SPECIFICATION AEOUIAEMENTS. AsCo7g0n
RATEDD-011
IMDUCER RS007812
MATERIAL INTEGRITY MATERIAL INTEGRITY IS VERIFIED PER SPECIFICATION REQUIREMENTS. REN170-051
(NDUCER 15 PENETRANT INSEECTED AFTER MACHINING PER SPECIFICATION REQUIREMENTS. RAD115-116
HEAT TREAT HEAT TREAT IS VERIFIEDR FER SPECIFICATION REQUIREMENTS, RA0511-020
ASSEMBLY INTEGRITY INDUCER BLADE SURFACES ARE INSPECTED FER QRAVVING REQUIREMEMTS. RSO07E1Z
IHOUCER BLADE COORDMATES ARE INZPECTED PER DRAWING REQUIREMENTS,
SPEED NUT RS007TEZ3
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED PER DRAWING REQUIREMENTS.,
HEAT TREAT HEAT TREAT {5 VERIFIED PER SPECIFICATICN REQUIREMEMT S RAGE11-020
SURFACE FINISH FLAZH SILVER PLATING I3 VERIFIED PER SPECIFIGATION REQUIREMENTS. RA1G0-01T
D NOZZLE RS0A7BA0
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED PER SPEGIFICATION AND DRAWING REQUIREMENTS. R5607610
: RB0170-153
RAG170-155
MOZZLE 15 PENETRANT INSPECTED PER SPECIFICATION REQUIREMENTS AND MAJDR WA IVER RAD115-1 15
RBO70-155
DAR 2956

KATFIILE 12 11 TRALRAMIE IMCDESTER DER CRECICICATION OFM NAEAIFRTS

onA4dR 117



Component Sroup: Quidizer Turbop LT ps Freparad: . Abesamin
CiL Ftam: Ban0-0n Approvad: T. Mpuyen
Component: Low Prassure Dxidizer Turbopump Approval Dalo: &)T1949
Fart Number: REOOTEN Chamnge #: 2
Frllurs Mnde: Fieca part etruclural failure. Direclive 4: CEBD ME3-01-6214
Papa: dof a
Failure Cauvses Significant Chamctadisics Imspaclbon(s) # Teslls) Docement R eferenca
n} MATERIGL INTEGRITY CASTING 15 \INSPECTED FOR GRITICAL GRADE PER SPECIFICATIOM RECUIREMEMNTS. RBM7T]-155
RFIOH.-0M
HEAT TREAT HEAT TREAT IS VERIFIED PER SPEQIFIE.hTFDM REAOUVIREMENTS. RADRE11-D20
WELD INTEGRITY ALLWELDS ARE IMSPECTED TO QRAWING AND SFECIFICATION REQUIREMEMTS PER WELD CLASS. ELIGN
INSPECTIOMS INCLUDE: WVISUAL, DIMENSIONAL, PENETRANT, RARIOGRAPHIC, ULTRASOMC, AND  RA1SD7-OF]1
FILLER. MATERIAL, AS APPLICARLE. Rali15-118
RAH 15005
RAT115001
RAJ115-127
SURFACE FINIEH MO2ZLE IHTERMAL SURFACE FINISH 153 INSPECTED PER SFECIFICATION REQUIREMENTS. FaO1 15007
ASSEMBLY INTEGRITY NOZZLE CASTING FILLET RATIUS IS INSPEGTED PER DEAWARNG REQUIREMENTS. RSCATRIG
RBCIT0-15%
FORGED RAG END OF THE NGZZLE 15 INSPECTED PER DRAVIING REC!UIFIEM‘é MTS. RS00TA0
RBM70-153
BEARIMNG SUPPORT RO33573
m MATER AL INTEGRITY MATERIAL INTESRITY 15 VERIFIED PER SFECIFISATION REQUIREMENTS. ABEDY7O-152
! SUPRCORT IS5 PFEMETRANT AND ULTRASOMIC |INSPECTED PER SPECIFICATION RFQLIREMENTE. AA 15118
0 AAC 15012
@ HEAT TREAT HEAT TREAT IS YERIFIED PFER SPECIFICATION REQUIREMENTS, RADE1 1030
SURFAGE FlMiSH SUPPORT CHROME PLATING 5 YERIFED PER SFECIFICATICON REQUIREMENTS. AA1503.002
SUFPORT DRY-FILM LUBRICATION AND BURMISH ARE VERIFIFD PER SPECIFICATION R 12.003
REGLIREMENTS. A0 12-a07
IRFLECTOR ROZI574
MATERIAL IHTEGRITY MATERIAL INTEGRITY IS VERIFIED PER SPECAFISATION REQUIREMENTS. RBO173-153
CEFLECTOR IS PEMETRAMT AN LLTRASONIC INSPECTED PER SPECIFICATION RECUIREMENTS. RAD® 15-116
) RAOT 1 5.2
HEAT TREAT HEAT TREAT IS VERIFIED PER SPECIFICATION REQUIREIENTS. RA0311-020
SURFACE FINISH CGEFLECTOR DRY-FILM LUBRICATMOMN ARHD BURNISH ARE YERIFIED PER SPECIFICATION RAO112-003
RECILIREMENTS RAQ1 12.007
BAG KNG RING RS00TEN
MATERIAL INTEGRITY MATERLAL INTECGRITY 18 VERIFIED PER SPECIFICATION RESLU IREMENTS. F:B01 70154
HEAT TREAT HEAT TREAT IS YERIFIED PER SPECIFICATION REQUIRELENTS. RA0511-020
SPRIMG (TURBIME BEARING R30I7E22
PRELOAD)
MATERIAL INTEGRITY MATERLSL INTEGRITY 15 YERIFIED PER. SPECIFICATION REQUIREMENTS. REO1 70154
HEAT TREAT HEAT TREAT IS VERIFIED FER SPECIFICATION REDUIREMENTS. FADE11-N24
. . A
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Failare Tauzea

Smnflcanl Characterstics

Inspeclion(s} f Teslis)

Document Refarence

| ASSEMBLY INTEGRITY SPRING LOAD CHARACTERISTICS ARE [NSPECTED PER DRAMNG AMD SPECIFICATION R&O0rE22
REAIIREMERTS. RLO1323
_E VANE E:'ULT LOCK - ! ] H$ﬂﬂ?-ﬁ15
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED PER DRAWING RECUIREMENTS.
F_ STATOR MUT LOCK o o R30Q7E19 -
MATERIAL INTEGRITY MATERIAL INTEGRITY IS YERIFIEC PER DRAVYING REQLIFENMENTS.
HEAT TREAT MNUT LOCK AMMEALIMNG [S YERIFIED PER DRAYWRKG REQUIREMENTS.
SPEED NUT LOCK RA0aTez4
MATERIAL IMTEGRITY MATERIL INTEGRITY |5 VERIFIED PER DRAVING REGLHIREMENTS,
HEAT TREAT MUT LDCK AMNEALING (S VERIFEED PER CRAVMANG REQUIREMENTS.
INMER RALCE MUT LGCK ] RS0QTEZE
MATERIAL INTEGRITY MMATER AL INTEGHITY IS VERIFIED PER DRAWING REGLIREMENTS.
HEAT TREAT HUT LDCE ANNEALING |15 VERIFIED PER DRAWING REQUIREMENTS,
INDULCER KUT LOGCK R3007830
MATERIAL INTEGRITY MATERIAL INTESRITY 15 VER|FIEDQ PER DRAWING REQLIREMENTS,
HEAT TREAT MNMUT LOGK AHNEALING 15 VERIFIED PER DRAWIMNG AEQUIREMENTS.
a o SPACER - - RS-&I: 7821 S
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 WVERIFIED PER DRAWING REQUIREMENTS,
MEAT TREAT SPACER ANNEALING IS VERIFIED PER DRAWING REQUIREMENTS.
SLIRFACE FINISH GPAGER CHREOME FLATING |5 VERIFIED PER SPECIFICATION RECUIREWENTS. RA1609.002
EPACER DRY-FILM LUERICATION AND BURMISH ARE YERIFIEQ FER SPECIFICATION RAOD112-002
REQUIREMENTS, RAOQ112-007
-H . T EUPPORT BOLT o - NSEaa0
LOCHINASHER,
MATERIAL INTEGRITY MATERIAL INTEGRITY |5 WERIFIED PER DRAWING REQUREMENTS.
HEAT TREAT LOf K'U'MﬁHEIH AMNEALING IS VERIFIED PER DRAWING REQUIREMENTE.
I FUMF EMD BEARING REMTEI
BAll ROG5038
CAGE ROR5047
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Par Humbar:
Fallurs Woda:

Dxldlzer TubopUm o

BE4D0-08

Low Fressre Dxidlzer Turbo pump
REa7o0d

Phees part strocioral fallare,

Frapared:
Approvad:

Approval Dale:
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Ciractiva #;
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CCBD MEIIH-5214
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Faiure Calsms

Gigniflcant Charecleristies

Inspection(s} ! Test[x)

Decument Referencs

B2o- &

MATERIAL INTEGRITY

HEAT TREAT
ASSEMBLY INTEGRITY

CLEAMLINESS OF
COMPCRENTS

TLURAINE EMDO BEARIMNG
MATERIAL INTEGRITY

HEAT TREAT

MATERIAL INTEGRITY IS VERIFIED PER DRAYWING AND SPECIFICATION RECUIREMENTS,

BEARING RACES ARE EDDY CURRENT, AND PEMETRANT INSFECTED PER SPECIFICATION
AEQLIREMEMTS.

BALLS ARE ULTRASCHIC INSPECTED PER DRAVWING REGUIREMENTS.
RACE HEAT TREATS ARE VERIFIED PER SPECGIFICATION REQLIREMENTS.
RACES ARE EBDY CURRENT INSPECTED PER DRAWING REQUIREMENTS,

BALLS AND RACES ARE WVISUALLY INSPECTED PER DRAWIMG AND SPECIFICATION
REQUIREKMENTS.

BALL BEARINGS ARE INSPECTED TO AFBMA STANDARDS FOR SIZE AND GRADE PER DRAWIBE
RELVIREMENTS,

BEARINGS ARE ASSEMBLED AND DISASSEMBLED PER SPECIFICATION BEOLIREMEMNTS.
RACES AND CAGE ARE WVERIFIED TO BE COPLANAR PER DRAWING RECUIREMENTS.
CAGE QUALITY |5 INERECTED FER DRAVING, AMD SPECIFICATION RECUIIREMENTS.

CAGE COATING 15 VERIFIED PER DRAVWING AND SPEC REQUIREMENT.
AX|AL GAP IS IMZPECTED PER DRAWING RECUIREMEMNTS

EEARIMGS RACES AMD BALLES ARE WERWFIED CLEAMED FER SPECIEICATION RE QU REREMNTS,

LCK COMPATABILITY OF THE CAGE |5 MAINTAINED FER DRAVHRNG RECGLUIREIMENTS,

HEARINGS ARE THSPECTED FOR CORROSION PRIOR TD PACKAGING, BEFORF ASSEMBLY, AND
BEFDORE IMSTALLATICHM PER DRAWING AND SPECIFICATION RECQUIRENEHTS,

MATERIAL INTEGRITY 15 VERIFIED PER DRAWIMG AND SPECIFICATION REQUIREMENTS,

BEARING RACES ARE PENCTRANT INSPECTED PER SFECIFICATION REGUIREMENTS,
BEARING BALLS ARE EDDY CURREMT INSPECTED FER SFECIFICATICH REQUIREMENTS.
BEARING RALES ARE EQDY CURRENT INSPECTED PER SPECIFICATION REGUIREMENTS,

BALL ANDI RACE HEAT TREATS &RE VERIFIED PER SPECIFICATICH REGUIREMENTS,
F

RISCOTIN
RBO160-034
ROGR03R
ROSH041
REM110-011

RA1G1S-034
RAOTS-115

ROE5030
FA1511.005
R3007831

R5007831
RLAOOS16G

RS007831

RLOOEAG
RZ00TER

F3007421
ROEBO41
RLODE TS

RA158-011

REDITEM
RLA12323

RA1410-081
RL10001

FO55041

=L
RS TEM
RLOMD1E
FLO1323

Ra0078GT

RS007TBST
REN10-013
RBO150 DE4

RAQ11E5-116
RAIG 15152
FAIE 15034

RAIG 705
sl
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Componer g Oxldizer Turbopemps Pragared: G, Abesar
CIL [lem: Bann.og Approved: T. Hguyan
Compostent; Lowy Pressune Ol dizer Turhopuing Appraval Dats: Brrigs
Part Numbar: RS00TEO1 Chenge #; z
Fallure Mada: Flaca par s{ructural fallura. Directive 8: CCBD MEX-D1-5244
Page; dof 2
Falurs Caveas Signtwanl Charactarielics Inspeclion{z) f Tesl(s] Brocummernil Referenca

ASSEMBELY INTEGRITY

BALLS AND RACES ARE EDDY CURRENT INSPECTED PER DFEAVANG RECQVUIREMENTS.

BALLE AND RACES ARE VISUALLY IMSPECTED PER DRAWANG AND SFECIFICATION

AEQNAEMENTS.

BALL BEARINGS ARE INSFECTED TD AFEMA STANDARDS FOR SI2E AND GRARE PER ORAWING

REQUIREMENTS.

BEARINGS ARE ASSEMGLED AND DISASSEMBLED PER SPECIFICATION REGMNFREMENTS
AACES AND CAGE ARE VERIFIED TC BE COPLANAR PER DRAWING REQUIREMENTS.
GAGE QUALITY 13 INSPECTED PER TIRANWING,

CLEANLINESS OF
COMPONENTS

- BEARING RACES AND BALLS ARE VERIFIEU CLEAKNED FER SPECIFICATION REQUIREMENTS,

LOX COMPATIBILITY OF THE CAGE (S MAIMTAIMED PER DRAVANG RECUIREMENTS.
BEARINGS ARE IWEPECTED FOR CORROSICON FRIOR TO PACKAGIMG, BEFORE ASSEMBLY, AMD

BEFORE INSTALLATION PER DRAWING AMD SPECIFICATION REQUIREMENTS.

STATOR MUT
MATERIAL INTEGRITY

MATERIAL INTESRTY 13 VERIFIED PER DRAWING REQUIREMEMTS.

HUT 15 PENETRANT AND ULTRASCHIC INSPECTED PER SPECIFICATION REQLIREMENTS.

HEAT TREAT
SURFACE FiMISH

INMER RACE NUT
MATERIAL INTEGRITY
HEAT TREAT
SURFACE FIMISH

IMDUCER, BT
MATERIAL INTEGRITY
HEAT TREAT
SURFACE FINISH

HEAT TREAT 13 VERIFIED PER DRAVING REQUIREMENTS.
DAY -FILW LUBRICATION AMD BURKNISH ARE VERIFIED FER SFECIFICATION REQUIREMENTS.

MATERLAL INTEGRITY 15 VERIFIED PER I]RAWINiG REQUIREMENTE.
HEAT TREAT 13 VERIFIED PER DRAWING REQUMAERMENTS,
DRY-FILM LUBRICATION AHNC BURMISH ARE VERIFIED PER SPECIFICATION RECLIREMEMNTS.

MATERIAL INTEGRITY 13 WERIFIED PER DRAVEING RECUIREWMENT 5.
HEAT TREAT 15 VERIFIED PER DRAWING REOUIREMEMTS.
CRY-FILM LUBRICATHON AND BURNISH ARE VERIFIED PER SPECIFICATICON REQLIREMENTS.

RE007AST

R300YAST
RLIG15

REDDTIsT

RLMS16
RSO0TAET

RALG10-051
RLT0001

R5007857

RS0G7857
RS00G7801
RLAMEAG
FL123

RIO0TR1A

a1 15114
AI15-012

RE0OME18

RADA 2002
RADI1 2007

RSLOME2F

RADI1Z-003
RADT12-00F

AS0aTeas

RAN1 12003
RAN1 12007



LANITWIT LR TR T 1] T Lixiqizer 1 urbapumps Fropared; . A besami

CIL Item: BEon-08 Approved: T. Kguyen
Componant: Low Preesura Oxidizer Turbopump Appraval Date: &iTing
Part Number: AS00TEDT . Change #: 2 )
Fallure Madae: Flace past siructural fallurs. Birective ¥ CCBD ME3-01-5714
Page:! Toll
Failure Causes Gignilicznt Chasaclenstics Inspeclonfs) # Tesl{s} Dociamert Refalsnce
J MATERIAL FNTEGRITY MATERIAL INTEGRITY 13 VERIFIED PER DRAWING REOQUIREMENTS. REOOTAAL
HEAT TREAT HEAT TREAT I3 VERIFIED PER. DRAVWING REQLUIREMENTS,
SI_IRFAL%.E FIMISH DRY-FIL LLBRICATION AND BLRMISH ARE VERIFIED PER SPECIFICATION RECUIREMENTS. RADT12-003
RAOQT12-007
VANE BOLT RO11-1012-3310
MATERISL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED FER DRAWING KEQUIREMEMTS.
HEAT TRELT HEAT TREAT |5 VERIFIED PER DRAWING REQUIREMENTS.
SLRFAGE FINISH DRY-FILM LUBRICATION 1S VERIFIED PER SPECIFICATION RECLUIREMENTS. RAQ112-000
WAKE BOLT WASHER RO153-5002-1M103
MATERKL INTEGRITY MATERIAL INTEGRITY 13 VERIFIED FER DRAWING REQUIREMEMNTS
HEAT TREAT HEAT TREAT IS VERIFIED PER DRAWING RESUIREMENTS.
* o TUREINE END BEARING ) . ' ) REOCTEIE
SHIM ]
MATERIAL INTEGRITY MATERIAL INTEGRITY |15 VERIFIED FER DRAVNNG REQLNREMENTY,
HEAT TREAT SHIM ANHEALING 15 VERIFIED PER DRAWING REQUIREMENTS.
I o . ) LM;‘rRIMTH SEAL RING o S - - HEMB]G_ i
MATERIAL INTEGRITY MATERIAL INTEGRITY 1S WERIFIED PER DRAWANG REQUIREIMENTS.
RIMG 15 PEMETRANT INSPFECTED PER SRECIFICATION RECUIREMEMTS, P01 161164
HEAT TREAT HEAT TREAT IS VERIFIED PER DRAVING REGUIREMENTS. RSAOTE1E
“ﬂ.LL CALISES LROTP T RE00TEM S
GCLEAKLINESS GF THE LOW PRESEURE CXIDIZER TURBOPUNF AND SUBASSEMBLIES ARE VERIFIED CLEANED PER.  REORTRO
COMPONENTS | DRAVANG AND SPECIFICATION REQLIREMENTS. ] RL10001
ASSEMBLY INTEGRITY THE FLWP SUBASSEMEBLIES ARE INSPECTED QURING E!‘-.FE.RH.QUL FER SFECIFICATION FLA 219
RECQLIREMENTE, RAD11E- 116

INSFECTIONS INCLUDE: WISUAL, DIMENSIONAL, PENETRANT, AND REFLACEMENT OF LSAGE
ITEMS AS AFPPLICABLE, PER GVERHAUL SPECIFICATION.

BOLT AND RUT INSTALLATION AND TORAUE ARE VERIFIED PER DRAVWING AMD BRECIFICATION RSO0TEM
REGLIREMENTS FLIM 223

THE LOCK 4ND LOCKWASHER DEFQRMATION IS VERIFIED PER DRAVING AND SPECIFICATION
AEQUIREMENTS.

OPERATIOHPERFCRMANCE IS VERIFIED BY ENGINE HOT FIRE TESTIMG AND ZHD E & M TESTS ON - RLOIDSI04
IMSPECTIONS. RLO0055-05
RLOGORS-OF
RLOC4R™
o il F_ 9
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Camponeg up: xidizer Turbopumpa Prepared: C. Abesar
CH, Hem: Bron-ne Approvad: T. Nguye
Gamponent: Law Presaurs O dizar Turbopump Approval Dale: arr9
Part Number: RICATED1 . Chanpa #: z
Farlure Modat Piaee part gbrustural Bailurs, Direcifve #: CCED MEY-01-5214
Fage: Acf 8
Failare Catres Signlkcant Charactertstics trespeecdian (s £ Tesls) Uocument Referenca
all CAUSES ASSENMBLY INTEGRITY TORQUE CHECKE ARE PERFORMED FRIDR TO EACH FLIGHT, COMRSE V41650030
SHAFT TRAVEL |15 FERFORMED PRICR TO EAGH FLIGHT {PHASE |l AND BLOGH I). ORGS0 v41B30.032
) SHAFT TRAVEL |5 FERFORMED PRIDR TO AMD AFTER ACCER TANCE TESTING AND EVERY 18 CMRAD v41B50,023
STARTS THEREAFTER (BLOCK 1| AND 1A).
AM EXTERNAL VISLAL INSPECTION IS PERFORMED PRICE TC EACH FLIGHT, CMRSD V41BLR g3
AHELIUM SIGWATURE LEAK TEST IS FERFORMED PRIOR TG EACH FLIGHT. QOMRED 506000 550
DATA FROM THE FREVIOUS FLIGHT OF HOT FIRE 'S REVIEWED FOR PROPER TURBOPLIMF MEFC PLN {220
OPERATIOMPERFORMANCE, (LAST TEST)
M FUMP END BEARING EHEE RO3N576E
MATERIAL INTEGRITY MATER AL INTEGRITY 15 VERIFIED PER SFECIFICA TGN REQINREMEMTS. RBO170-186
RING IS PENETRANT INEPECTED PEA SPECIFICATION REQUIREMENTS. . RA0115-116
HEAT TREAT HEAT TREAT I3 YERIFIED PER DRAVING, AND SPECIFICATION REQUIREMENTS. ROX35T6
FA0G1 1-030
PUME EMD BEARING ROA257TS
SPRIM{
MATERIAL INTEGRITY |5 VERIFIED PER DRAVWING REQUIREMEMTS,
SPRIMG 15 PENETRANT IMSPECTED FER SRECIFICATION REQUIREMENTS. PATI15-115
HEAT TREAT HEAT TREAT IS VERFIED PER ORAVWIMG, AMO SPECIFICATION REQUIREMENTS, RO334575
FAQEL 020
ASZEMBLY IMTEGRITY EPRING CHARACTERISTICS ARE INSPECTED FER DRAVING, AMD SPECIFICATION REQUIREMENTS, R0O33505
RLDO41D
RLO12:22

COPLANAR, AMD PARALLELISY |5 INSFECTED PER DRAWING REQUIREMENTES. ROZ35TE

Failure Hiztory. Comprehensloa fzilura higlory dala i mainlained in tha Preblam Reporting databaza (PRAMS/IPRACA)
Reference: NASA leller SAZ1/ESE08 and Rockerdyne ketter BARCAOTS].
Dparallong Usa: Mot Applicabia.
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Companent Group: Oxidizer TUrBopumps Praparad: G, Abesamis
CIL Ham: Baoo : Approved: T. Hguyen
Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
Part Kumber; REQDTAD Changs ¥: 2
Diractive #: CCBD MELO1-BI14
Page: 1of t
Critieal Inttial
' Faosl  Flaw Size Mol
Side Mol  Delectsble
C-amponert Baszic Part Nurnber Vilald Mumber Wedd Type  Class Aocesd HGF LGF Comments
ROTOR RSQITACS 1PLCIORT) GTAW |
ROTOR RSI07I0E 1FLEOPTY  EBW |
NOZZILE RSGoTath 1PLC EEW |
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SS5ME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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Ilem Hamu L0w Presaure Oxldizar Turbaplmp
llam Murmnber: Badd
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Preparad:
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Approval Date:
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Directive ¥
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Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201



2o - H

Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin

lterm Marme: Low Frasaure Oxidlzer Turbopump A N
ltem Homhbar: BADO A:E::::::Iﬁate ;ﬁrfg;ﬂm
Parl Number; RSODTEOT . Change é: ) 1
Diractiva A: CCHD ME3- 1 -B214
Page: 3of 3
Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




